Clausius' work leading to the law of increasing entropy -the supreme law of nature according to Eddington-is here shown to be a logically flawed construction. Both of the statements subsumed by this principle: the zero total entropy change for all reversible processes and the positive total entropy change for all irreversible processes are here disproved by counterexamples taken from the very premises of Clausius' work. In the second and last part of this work we will see how the second law of thermodynamics, as currently understood, emerges from the correction of the flaws in Clausius' work here made evident.
A hot and a cold bodies thermally connected by the cyclic path of changes of an intermediary substance came out in Carnot's work as the essential elements for work production in heat engines. The 'essential' qualifier can be understood by realizing that no heat engine can provide a continuous work output if any of these elements is missing.
The cycle by itself provided an explanation on the 'how' motion can be produced out of heat in heat engines (17) (18) (19) Addressing the problem of 'how much' required, on its part, recognition of the factors having any saying on this matter. A comparison between work production in heat engines with that taking place by harnessing the potential energy of waterfalls led Carnot to the realization that paralleling the latter, the motive power of heat also depended on "… the quantity of caloric used…" and on what he called "…the height of its fall…", or in other words, on "the difference of temperature of the bodies between which the exchange of caloric is made." In regard to this latter factor, he elaborated as follows:
"In the waterfall the motive power is exactly proportional to the difference of level between the higher and lower reservoirs. In the fall of caloric the motive power undoubtedly increases with the difference of temperature between the warm and cold bodies; but we do not know whether it is proportional to this difference. We do not know, for example, whether the fall of caloric from 100 to 50 degrees furnishes more or less motive power than the fall of this same caloric from 50 to zero. It is a question which we propose to examine hereafter." (Carnot, 1824 (Carnot, /1977 Before actually attempting to solve the question just raised, he proceeded to consider (Carnot, 1824 (Carnot, /1977 From what has been stated above it should here be understood that the difference of temperatures he is referring to, involves two specific temperatures, i.e., a temperature difference at a specific location in the temperature scale. Providing an answer to this "curious" question started with Carnot's identifying the direct transfer of caloric from the hot to the cold body as a factor decreasing the work output of heat engines: "Every change of temperature which is not due to a change of volume…is necessarily due to the direct passage of the caloric from a more or less heated body to colder body. This passage occurs mainly by the contact of bodies of different temperatures; hence such contact should be avoided as much as possible…" because it brings "…loss of motive power." In reference to this contact he further stated: "It cannot probably be avoided entirely, but it should at least be so managed that the bodies brought in contact with each other differ as little as possible in temperature." (Carnot, 1824 (Carnot, /1977 The previous considerations were summarized in what Carnot calls the necessary condition for the attainment of the maximum possible output of work: "…that in the bodies employed to realize the motive power of heat there should not occur any change of temperature which may not be due to a change of volume…every www.ccsenet.org/apr Applied Physics Research Vol. 7, No. 5; 2015 time this condition is fulfilled the maximum will be attained." (Carnot, 1824 (Carnot, /1977 13) It was to the determination of this maximum of work that under a given set of conditions of heat flow and temperature fall an engine can output, where Carnot's efforts were directed to.
"…this curious and important question: Is the motive power of heat invariable in quantity, or does it vary with the agent employed to realize it as the intermediary substance, selected as the subject of action of the heat?", adding "It is clear that this question can be asked only in regard to a given quantity of caloric, the difference of the temperatures also being given."

Heat Engines, Refrigerators, and Carnot's Theorem
As already noted, Carnot knew that the consumption of work in an inverse cycle is accompanied by the transfer of caloric from the cold to the hot body. Any inverse cycle can at this light reverse in larger or lesser degree the effects of the heat engine preceding it. This idea follows naturally from the fact that heat-work inter-conversions in heat engines come on reason of changes of volume. If the direction of the volume change is reversed so will be the direction of the other changes involved. For example in an expansion the variable body receives heat from a source and transforms it into work. If this process is reversed, work will be consumed and heat returned back to the source. The extrapolation of this notion to a cyclical process producing the maximum of motive power convinced him that here, in the absence of lost work, a perfect reversal or cancelation of effects had to take place. In reference to a heat engine producing work out of the transfer of caloric from a hot body A to a cold body B, he states:
" (Carnot, 1824 (Carnot, /1977 This result allowed him to voice his answer to the said "curious question" in the following form:
"The motive power of heat is independent of the agents employed to realize it; its quantity is fixed solely by the temperatures of the bodies between which is effected, finally, the transfer of the caloric." (Carnot, 1824 (Carnot, /1977 The previous statement is known as Carnot's theorem. It represents the first of the principles underlying work production in heat engines that he set out to identify. From it we learn that for a given temperature difference and amount of caloric, no particularity introduced in a reversible heat engine, be it in the form of a different intermediary substance, in the form of a different cyclical path for the working substance, or any other conceivable modification, can make it produce an amount of work larger than the maximum. This result is usually stated by saying that no engine can be more efficient than a reversible Carnot engine. Carnot's theorem might be considered as the first statement of the second law of thermodynamics.
At this point in his analysis only one piece of the puzzle remained: that of establishing a functional relation between maximum work output and the temperatures of the reservoirs. The solution of this problem was to produce the second -and last-of the principles governing work production in heat engines. Its solution depended on finding a functional relation between work output, amount of caloric flowing, and the temperature of the hot and cold bodies. He searched for it using an 'infinitesimal cycle' as analytical device (Carnot, 1824 (Carnot, /1977 . This, his only attempt -consigned in his memoir to a footnote (Carnot, 1824 (Carnot, /1977 )-failed to produce the expected results (Müller, 2007, p. 54 (Carnot, 1824 (Carnot, /1977 (Carnot, 1824 (Carnot, /1977 , concluding with "We are not prepared to determine precisely, with no more experimental data that we now possess, the law according to which the motive power of heat varies at different points on the thermometric scale." (Carnot, 1824 (Carnot, /1977 .
The solution to this problem: the mathematical definition of the reversible efficiency, among others, was accomplished by Clausius about a quarter of a century after the publication of Carnot's memoir.
In addition to Müller, further comments on Carnot's work and related issues can be found in Callendar (1911, pp. 153-189) , Jaynes (1988, pp. 267-281) , Purrington (1997, pp. 75-101) , and Truesdell (1980, pp. 79-137) (Clausius, 1879, p. 77) This new basis of proof he found in the principle:
"Heat cannot, of itself, pass from a colder to a hotter body" (Clausius, 1879, p. 78) .
Armed with these two notions he was able first to reword, and then to prove the correctness of Carnot's theorem in its new form. The proof carried on by Clausius, identical in essence to the reductio ad absurdum argument previously used by Carnot, 1824 Carnot, /1977 , showed that denying the validity of Carnot's corrected theorem implied the unassisted transference of heat from a colder to a hotter body, result that stands in direct contradiction with experience (Clausius, 1879, pp. 79-81) . Clausius rewording of Carnot's theorem took the following form "…the relation between the quantity of heat carried over, and that converted into work, is independent of the nature of the matter which forms the medium of the change… it can only depend on the temperature of the two bodies… which act as heat reservoirs." (Clausius, 1879, p. 79, 81) In accord with this new knowledge, Clausius described one cycle in the operation of a reversible cycle (either an engine or a refrigerator) as follows: The representation of one cycle in the operation of a reversible engine according to Clausius previous description is given in Figure 1 . Notwithstanding the central role played by these transformations in Clausius' analysis, he never actually identified the process or processes responsible for each of them. In being essential in terms of the forthcoming critiques to Clausius' results on this matter, this identification will be performed in section 2.4.
"…two variations in respect to heat take place, viz. that a certain quantity of heat is converted into work (or generated out of work), and another quantity of heat passes from a hotter into a colder body (or vice versa
All but one of Clausius quotes come from his book The Mechanical Theory of Heat. The reader will find that the transcription of most of these quotes include slight changes in notation, introduced to render them more familiar.
Carnot's Reversible Cycle
The essential elements of Carnot's reversible cycle have been depicted in Figure 2 . There we find: (1) A hot reservoir of temperature h T ; (2) A cold reservoir of temperature c T , with h c T T ñ ; (3) The cyclical path of the working substance or variable body, here assumed to be an ideal gas, and finally, (4) A mechanical reservoir (MR) which can be assumed to be of the weight-in-pulley kind.
The description of the cycle's constitutive processes given below is made in reference to Figure 2(a) and follows current usage. 1) Process AB represents an isothermal expansion at the temperature ( h T ) of the hot reservoir. Here an amount of heat h Q transferred from the hot reservoir to the gas ends up being transformed, via the reversible expansion, into an equivalent amount of work h W . This work appears in the form of a potential energy increase of the weight in the mechanical reservoir.
2) Process BC represents an adiabatic expansion. Here the gas performs work at the expense of its internal energy and its temperature falls from h T to c T 3) Process CD is an isothermal compression at the temperature ( c T ) of the cold reservoir. Here the amount of work c W supplied by the mechanical reservoir to carry on this process ends up as the equivalent amount of heat c Q in the cold reservoir.
4) Process DA, the one that closes the cycle by bringing the variable body to its initial condition A, is an adiabatic compression. The work expended in carrying on this process ends up increasing the internal energy of the gas and thus raising its temperature from c T to Vol. 7, No. 5; 2015 
An Interlude
Most of the thermodynamic notions appearing in Clausius' quotes are either explicit or implied in Chapter 2 of The Mechanical Theory of Heat (Clausius, 1879, pp. 39-68) . To avoid repetition some of these will be here either pointed out, justified, or proved.
1) As Carnot originally realized (p. 18), in the ideal-gas isothermal and reversible volume changes taking place in the cycle, the work involved -either produced in an expansion or consumed in a compression-is larger the larger the temperature. In reference to Figure 2 this translates as h c W W ñ . The difference between the work respectively produced and consumed along the hot and cold isotherms constitutes the work output of the cycle,
2) The internal energy (U) of ideal gases is a sole function of the absolute temperature.
3) From the previous notion it follows that for any isothermal change of an ideal gas the first law of thermodynamics reduces to Q W = 4) From notions (1) and (3) it follows, using the notation of Figure 2 , that h c Q Q ñ . The difference between the amounts of heats respectively released and absorbed by the hot and cold reservoirs corresponds with the net work output of the cycle, h c Q Q Q W -= = 5) On reason of the 0 Q = constraint that define their evolution, the first law for adiabatic and reversible processes BC and DA of Figure 2 , reduces to U W D = -. For these processes it is true that ( )
, and also true that ( )
A simple inspection of the previous results makes evident that any one of these processes is the inverse of the other in the sense that the effects of one are precisely canceled by the other, fact that comes to light in the following equations: 0
Carnot's Reversible Cycle and Clausius Transformations
Let us now center our attention on Figure 2 (a) and based on the fact that the heat ( h Q ) taken in by the ideal gas along AB is larger than that ( c Q ) it gives out to the cold reservoir along CD conclude that, as indicated in Figure  2 (b), there exists some point E on isotherm AB such that in its transit EB the ideal gas takes from the hot reservoir an amount of heat c Q identical in magnitude to the one it transfers to the cold reservoir along CD. The approximate location of this point is shown in Figure 2 (b).
Assuming that the operation is to start at point E, consideration will be given to the concatenation of processes EB-BC-CD-DA. Actually, and on reason of the previously noted inverse relation existing between processes BC and DA, we will circumscribe our attention to processes EB and CD. Vol. 7, No. 5; 2015 Along isothermal and reversible expansion EB an amount of heat c Q of temperature h T transferred by the hot reservoir to the ideal gas is transformed into an equivalent amount of work c W . This work appears in the form of a potential energy increase of the weight in the mechanical reservoir. Along isothermal and reversible compression CD, on the other hand, the amount of work c W supplied by the mechanical reservoir to carry on this process ends up in the cold reservoir as an equivalent amount of heat c Q of temperature c T . The fact that at the end of this series of changes the mechanical reservoir, in releasing the amount of work it had previously received, recuperates its initial condition, leaves the transfer of c Q from the hot to the cold reservoir as the sole effect of concatenation EB-BC-CD-DA. For reasons of economy and clarity of expression the effect produced by this sequence of processes will be represented via the following self-evident notation:
The reversible quality of this transformation, highlighted by the 'rev' sub index, comes to light if we subject the variable body to the sequence of processes AD-DC-CB-BE. Here process DC represents an expansion. Through it an amount of heat c Q absorbed from the cold reservoir ends up as an equivalent amount of work c W in the mechanical reservoir. Process BE is, on its part, a compression. The work c W expended in carrying it to completion ends up in the hot reservoir as an equivalent amount of heat c Q . At the end the mechanical reservoir recuperates its initial condition, leaving the transfer of c Q from the cold to the hot reservoir as the sole effect of this concatenation of processes. This transformation, one of the two associated to the operation of a reversible refrigerator, will be from now on represented as [ ( ) ( )]
. Subsumed in the reversal of effects just shown is the fact that running one of these series of operations after the other will restore the initial condition. For example, if this last series of operations is run once the former has concluded, we will find the cold reservoir losing the amount of heat it has previously received; the hot reservoir recuperating the one it initially lost; and the mechanical reservoir in its original condition. At the end of this coupling of processes no change remains. This is what makes both of these transformations reversible.
Going back to figure 2(b) we have that once the concatenation of processes EB-BC-CD-DA has come to an end, the variable body finds itself at point A. All that is needed to bring the cycle to completion is the performance of isothermal and reversible expansion AE. Through it an amount of heat Q of temperature h T transferred by the hot reservoir to the ideal gas ends up as an equivalent amount of work W in the mechanical reservoir. The fact that no other effect but this one is here produced, allows us to identify isothermal and reversible expansion AE as the one responsible for the heat-to-work effect of the reversible cycle, same that will be from now on represented as [ ( ) ] can be advanced to illustrate the fact that following process AE with process EA implies retrieving the work originally deposited in the mechanical reservoir and with it compressing the variable body; the spent work appearing as the equivalent amount of heat Q in the hot reservoir. At the end of this coupling of processes no change remains. The original condition has been restored and these processes are reversible. This argument allows us to realize that the sole effect of process EA consists in the reversible transformation of W into the equivalent amount of heat Q, or equivalently in [ ( ) ]
Clausius Solution to the Efficiency Problem
To address the problem whose solution evaded Carnot, 1824/1977, Clausius made use of his just proven version of Carnot's theorem: "…the relation between the quantity of heat carried over, and that converted into work, is independent of the nature of the matter which forms the medium of the change… it can only depend on the temperature of the two bodies… which act as heat reservoirs." (Clausius, 1879, p. 79, 81) Being work production the primary goal of a heat engine it is only logical to expect that its efficiency be measured by the ratio between the heat transformed into work ( Q ) and the heat released by the hot reservoir ( h Q ), i.e. / h Q Q . Alternative measures of efficiency can, however, be defined according to which heat stream the emphasis is on. Among these we find the one mentioned in the corrected theorem, / c Q Q, this is, the ratio between the heat carried over and that converted into work, and also / h c Q Q , the ratio between the amounts of heat respectively released and received by the hot and cold reservoirs. Any of these efficiency measures can be obtained from any other by recalling that these amounts of heat are related by the following equation , a statement of the sole dependence of this ratio on the temperatures of the heat reservoirs, was the starting point of Clausius efficiency analysis. The function ϕ linking ratio and temperatures was described by him as "…some function of the two temperatures which is independent of the nature of the variable body." (Clausius, 1879, p. 81 (Clausius, 1879, p. 81) With this notion at hand, and based on his knowledge of the laws governing the behavior of ideal gases (Clausius, 1879, pp. 60-68) , he established the appropriate relations between the initial and final volumes of adiabatic and reversible processes BC and DA,
, to obtain, via a simple ratio, the following equation (Clausius, 1879, p. 82 
He also knew that the evolution of isothermal and reversible processes AB and CD were governed by the following equations (Clausius, 1879, pp. 82-83) ln
Via the simple procedure of substituting Equation (2) in (3), followed by division of Equation (3) by Equation (4), he was able to write the explicit version of
From which he was able to identify the function φ as , was the fact that the former ratio is the one arising naturally from the equations used. Equivalent re-expressions of Equation (5) in terms of the two other efficiency quotients can be obtained via its appropriate combination with Equation (1). By doing this we get
h c h h
The previously noted fact that Q W = , allows us writing the previous equation as follows
Even if Equations (5), (7), (8), and (9), are indeed efficiency equations, it is this last one, Equation (9), the one which closely reflects Carnot's foresight regarding the factors determining the motive power of heat in heat engines. Keeping in mind the caloric theory of heat permeating his ideas, we can recognize in h Q the "…amount of caloric used…", and in ( )/ h c h T T T -not only the "…height of its fall…" but also the effect that the position of this temperature fall in the thermometric scale has on work production (Carnot, 1824 (Carnot, /1977 (Carnot, 1824 (Carnot, /1977 As written, Equation (9) embodies the second and last of the principles governing work production of heat engines i.e., the same that evaded Carnot's efforts. Combined Carnot's theorem Vol. 7, No. 5; 2015 30 (Section 1.2) and Clausius' Equation (9) subsume the essential knowledge about work production in heat engines: Its independence of the nature of the variable body, as well as its relation with the temperatures of the reservoirs.
Equation (9) 
The connection between Equations (5) and (7) with Equation (10) . That the solution to the 'how much' work a reversible cycle came in the form of Equation (5), an efficiency related equation, justifies the name of this section.
The long journey initiated by Carnot reaches, through the efforts of Clausius, its fruitful conclusion with Equation (5) and its re-expression, Equation (9). The theoretical frame of the science of heat engines, as Carnot had envisaged it, was now complete. As this was happening, a new field of inquiry, with Equation (5) at its center, was being opened by Clausius. His work in this direction led to the introduction of the entropy function, to the recognition of the law of increasing entropy, and to the prediction of the ultimate fate of the universe in the form of its heat death. No small feat for a body of knowledge having a furnace, a condenser, and steam as protagonists.
The Entropy Changes for Clausius Transformations
With the efficiency problem out of the way, the only issue remaining for Clausius to bring his study of heat engines to a satisfactory conclusion was the one related to the quantification of the effects of his transformations. In order to understand Clausius solution to this problem we will start by writing Equation (5) in the following manner
Upon its combination with Equation (1) it takes the following form
As noted in Section 2.1, Clausius recognized two as the effects remaining once a cycle in the operation of a reversible engine comes to its conclusion: the transference to the cold reservoir of the portion c Q out of the amount of heat h Q released by the hot reservoir, and the transformation into work of the remaining portion, h c Q W Q Q = = -. A simple inspection of the Equation (12) brings to light the fact that while the left parenthesis makes exclusive reference to the amount of heat carried over ( c Q ) as well as to the temperatures of the reservoirs involved in the transfer; the other one makes exclusive reference to the amount of heat ( Q ) transformed into work as well as to the temperature of the reservoir in which this heat originates.
Judging from the way Clausius reasoned his way through to what he called 'the equivalence values' of the transformations -made evident in the quotes below-with 'value' meaning the quantifier of the effect of a transformation, a term that was to be eventually replaced by 'entropy change', it is only reasonable to assume that the pairing of Equation (12) with the effects of the transformations suggested Clausius that those parenthetical expressions were the actual values of said transformations.
The train of thought that actually took Clausius to the values of his transformations started with him recognizing that "…the value of a change from work into heat must be proportional to the quantity of heat generated, and …beyond this it can only depend on its temperature." In regard to the transformation of heat from one temperature to another his reasoning went as follows: "Similarly the value of the passage of a quantity of heat c Q from the temperature h T to the temperature c T must be proportional to the quantity of heat which passes, and beyond this can only depend on the two temperatures" (Clausius, 1879, p. 98 (Clausius, 1879, p. 101) Translation of the previous considerations into mathematical expressions followed by further mathematical manipulation allowed Clausius to produce the values for his reversible transformations (Clausius, 1879, pp. 98-101 ; in which t is a function of temperature independent of the kind of process by which the transformation is accomplished." (Clausius, 1879, pp. 100-101) His eventual identification of t with the absolute temperature T (Clausius, 1879, pp. 107-108) makes the previous values identical with those hinted by Equation (12).
Equation (12) not only displays the values for the two transformations, it also shows that on reason of their values having the same magnitude but different sign, they add up to zero.
The Entropy Function
Clausius saw in the cancellation of values made evident by Equation (12) a property common to reversible cyclical processes. He extended his analysis to reversible cyclical processes of increased complexity. For those with an arbitrary number of constant temperature heat reservoirs he found, in correspondence with Equation (12), that the combined value of all the transformations was equal to
; while for those in which "…the temperatures of the heat reservoirs vary continuously…(so that) the quantities of heat given off and taken in (are) distributed in indefinitely small elements…" he found that the summation of values was in turn given by the expression 0 dQ T = ò (Clausius, 1879, pp. 101-109) (Clausius, 1879, p. 90) This quotient of reversible heat divided by the absolute temperature at which it is exchanged received from Clausius the name entropy, from the Greek word: proph : transformation. (Clausius, 1879, p. 107) For any given body reversibly exchanging heat at constant temperature, v. gr. a heat reservoir, the entropy change is given by the integrated form of / dS dQ T = , namely
(13) In line with Clausius convention (Clausius, 1879, p. 97) , the change will be positive if heat is taken in, and negative if given out.
A comparison between the values for the transformations given in Clausius last quote of section 2.6 and the definition just given for entropy change allows us to realize that the two terms are equivalent. According to this, the entropy changes of the two transformations produced by one cycle in the evolution of a reversible heat engine can be written, using the self-evident 'transformation notation' introduced in Section 2.4, as follows: Vol. 7, No. 5; 2015 The entropy changes given by Equations (14)- (17) and (19) and (20) appear in Table 1 . They define Clausius formulation of the second law of thermodynamics.
A Closer Look at Clausius' Transformations
Additional knowledge to that advanced in Section 2.4 regarding the processes behind Clausius' transformations will be here provided. Of particular interest on reason of the role it plays in future arguments is the usually overlooked complex nature of the transformation of heat into work. . This process has been depicted in Figure 3 . In it the ideal gas acting as variable body transforms quantitatively into work (dW) an amount of heat (dQ) absorbed from the hot reservoir. The very first thing that has to be understood in regard to this process is that before any amount of work dW can be delivered to the mechanical reservoir, the equivalent amount of heat dQ has to flow from the heat reservoir to the gas.
This argument leads to the realization that there are actually two transformations taking place in the said process: the reversible transfer of heat from the hot reservoir to the gas, and the transformation of this heat into work by the reversible expansion of the gas. In reference to a finite amount of heat Q and its equivalent amount of work W , the situation just described can be represented as follows 
The zero entropy change substituted in Equation (21) comes from the fact indicated by Equation (18) that any heat transference between bodies of essentially the same temperature takes place with a zero entropy change. Being this so, the entropy change for process AE is solely and uniquely determined by the entropy change of the heat-towork transformation there taking place. To evaluate it all we have to do is to replace [ ( ) 
The previous argument demonstrates that the entropy change given by Equation (22) is a total entropy change, i.e. it corresponds to the universe of process AE and as such it includes the / h Q T -entropy change sustained by the hot reservoir in releasing the amount of heat Q , the / h Q T entropy change of the ideal gas in absorbing it, and the / h Q T -entropy change of the actual transformation of this heat into work by the opposed volume increase of the gas. Equation (22) unequivocally expresses the fact that for Clausius' second law thermodynamics the universe of this process is actually negentropic, meaning that a net total entropy decrease proportional to the amount of work produced has taken place.
The previous discussion makes evident the fact that the entropy change for the actual transformation of heat into work is a term separate and distinct from that associated to the release of this heat by the hot reservoir.
The total entropy change for isothermal and reversible process EA, the inverse of the one just considered, can now be written as follows (24) to process EA is a total entropy change on reason of it combining the / h Q T entropy change associated to the actual transformation of work into heat produced along the compression, with the / h Q T -and / h Q T entropy changes sustained by the gas and the heat reservoir in respectively releasing and absorbing the amount of heat Q . This indicates that in Clausius' thermodynamics the universe of process EA is entropic as in it entropy is produced in an amount proportional to the work dissipated.
Let us now center our attention on the concatenation of processes EB-BC-CD-DA as represented in Figure 2 (b). As should be recalled, this concatenation is the one responsible for bringing forward the reversible transfer of c Q from the hot to the cold reservoir. Its entropy change in terms of its constitutive processes can be written as follows 
The isentropic nature of processes BC and DA explain their absence in the final right hand side term of the previous equation. The fact that processes EB and CD are of the same respective nature as processes AE and EA allows us, in line with Equations (21) and (23) 
